ABSTRACT A multilinear regression analysis of water temperature, salinity, and number of postlarval brown shrimp in nursery areas was used to predict the June and July commercial harvest of brown shrimp in Mississippi waters. A total of 80.2% of the variation in harvest was accounted for by this model. When an effort variable was added to the equation, the amount of variation explained by these parameters increased to 85.4%. The coefficients of the two multilinear equations were recalculated exclusive of the data set for the last year to test the predictive capabilities of the models. For that year, the first model showed a percent error of 38.2%, and the second model, 35.3%.
INTRODUCTION
Prediction of commercial brown shrimp harvest from a postlarval index has been used with various degrees of success in several areas of the Gulf of Mexico and Atlantic coasts (Christmas and VanDevender 198 1) . Williams (1 969) tried unsuccessfully to correlate the number of brown shrimp postlarvae and the subsequent commercial harvest in North Carolina. Baxter (1962) and Berry and Baxter (1969) examined the number of postlarval shrimp relative t o commercial and bait shrimp harvest in Galveston Bay, Texas; however, a juvenile index gave a better reflection of size of shrimp stocks. St. Amant et al.(1966 ),andGaidryandWhite(1973 also examined postlarval/harvest relationships with mixed success for areas in Louisiana.
Postlarval brown shrimp data from Mississippi waters from the years 1963-1964 and 1971-1976 were examined by Christmas and VanDevender (1 98 1) relative to predicting commercial harvest from Gulf Coast Shrimp Data (U.S. Departmcnt of Commerce 1963 et seq.) for areas l l .l, 12.1, and 11 .O (Figure 1 ). They found a positive correlation between the number of postlarvae and resultant commercial harvest. After 1975, Gulf Coast Shrimp Data statistical areas 1 1.1 and 12.1 were combined and designated as area 11 .l. To avoid confusion, these areas will now be referred to only as Mississippi waters. The samples discussed by Christmas and VanDevender (1981) differed from other studies from the Gulf of Mexico in that their samples of postlarvae were obtained from protected nearshore estuarine areas (or 'nursery' areas) rather than from open passes into the estuary. The results from Mississippi waters may provide a better indication of the numbcr of postlarvae that will survive to harvestable size.
Temperature and salinity have been noted to have an appreciable effect on growth and survival of brown shrimp (Gunter et al. 1964 , Zein-Eldin and Aldrich 1965 , Christmas and VanDevender 1981 . Barrett and Gillespie (1973) Manuscript received April 13,1983; accepted July 25,1983. also found water temperature had an effect on subsequent brown shrimp harvest in Barataria Bay, Louisiana. In this study, temperature and salinity were examined together with a postlarval index in developing predictive models of the commercial harvest of brown shrimp in Mississippi waters.
MATERIALS AND METHODS

Data Base
Data on number of postlarvae, temperature, and salinity were obtained for 1963-1964 from Christmas et al. (1966 (unpublished data), 1971 from Christmas et al. (1976 -1981 
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studies was described by Christmas et al. (1966) . Beam plankton trawl samples were taken twice a month at four stations (1, 4 , 11, and 13, detailed station description and location in Christmas et al. 1966) .
Commercial harvest data of brown shrimp for 1963-1 964, 1966-1967, and 1971-1981 were obtained from the Gulf Coast Shrimp Data for June and July in Mississippi waters and summarized in Table 1 .
Model Development
Christmas and VanDevender (198 1) discussed several relationships between number of postlarvae and commercial harvest in Mississippi waters; however, they did not combine all of these relationships in a single equation. The first step of the present investigation was to define the relationship between these two parameters. Identification of which values were to be used in the calculation of a postlarval index had to be determined. These results were then put in the form of variable definitions. Monthly catch-per-unit-effort values of brown shrimp postlarvae from stations 1, 4, 11, and 13 are shown in Table 2 (for 1963-1964,1966-1967, and 1971-1981) . From these data the following guidelines were established for the calculation of the postlarval index:
1) The average catch-per-unit-effort values for March, April, and May are always included in the calculations;
2) the February CPUE value is included in the index if the mean catch is greater than 5 ;
3) the June CPUE value is included in the index if the mean catch is greater than 10.
The months of March, April, and May were always used in the calculation of the postlarval index because these were the months of peak abundance of postlarvae in the nursery area. Because postlarvae arrive in some years as early as February and/or continue to be recruited into June, guidelines ( 2 ) and (3) were established. For example, using the information from Table 2, The relationship between the postlarval index (X) and commercial harvest in Mississippi waters (Y) was described by a least squares regression analysis. Harvest data were defined as the catch in June and July from Mississippi waters for 1963-1964, 1966-1967, and 1971-1981 . For ease in data manipulation, these values were scaled by a divisor of 100,000. The resulting equation was Y = 0.331 + 0.01X; r = 0.81; N = 10. Data from 1967 Data from , 1975 Data from , 1977 Data from , 1979 Data from , and 1980 were not included in the regression analysis because of the extremely low catch of brown shrimp postlarvae in these years (less than 60, Table 2) suggesting that for those years, the BPL samples were not representative of the number of postlarvae in the nursery area.
With the relationship between postlarvae and commercial harvest established for all available data, several other predictor variables were examined in an attempt to enhance the predictive capabilities of a brown shrimp commercial harvest model for Mississippi waters.Variables used included: 1) Salinity (XI). The salinity data used for this variable were obtained at BPL stations 1 and 11 for March, April, and May. These two stations were used because they gave the best indications of inshore nursery conditions in Mississippi waters. This variable was calculated as the average salinity of stations 1 and 11 for March through May (peak months of postlarvae abundance in the nursery area).
2) Interaction index (X, ). Both temperature and salinity are critical t o the survival and growth of postlarvae in nursery areas. The interaction variable was based on temperature and salinity values from stations 1, 4, 11, and 13 in March, April, and May (as a measure of the environmental conditions for postlarvae in Mississippi Sound). In the calculation of this index, the average salinity values from stations 1 , 4 , 1 1, and 13 were combined and an overall monthly mean was determined. The resulting value was then multiplied by the average monthly temperature from the same four stations. The products of the monthly mean temperature times mean salinity for March, April, and May were summed. Table 2 for 1963, 1964, 1966, 1967, and 1971-1981. An assigned range of numbers for each index, a value of -1 , 0, or 1 depending on how the respective parameter was t o be weighted, dampened the variability of the salinity, interaction, and postlarval indices. The following criteria were used: RESULTS AND DISCUSSION A summary of the calculations for the predictor variables is given in Table 3 . All values were then transformed according to the outline above. We placed the predictor variables; salinity index (X, ), interaction index (X,) and postlarval index (X,) in the form of a multilinear regression equation using the log, of the June and July commercial harvest of brown shrimp X lo-' from Mississippi waters as the dependent variable (Tables 2 and 3 1963 1964 1966 1967 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 that provided some indication of effort were the number of fishing trips as reported in the Gulf Coast Shrimp Data. The number of trips made in Mississippi waters during June and July (X, values divided by 1000 in Table 3 
R2 =0.854
CIg 5 = 0.073 The amount of variability explained by the predictor variables increased to 85.4% when the number of trips was included in the model. However, information on the number of trips is not available until after the commercial harvest has already taken place. If a series of effort values were used beforehand to estimate the potential harvest, then the effort variable might increase the value of the model as a resource management tool. These two multilinear models were then applied to the data used t o construct the models, and the results were plotted against actual harvest (Figure 2) . Brown shrimp harvest estimates for 1967 Brown shrimp harvest estimates for , 1975 Brown shrimp harvest estimates for , 1977 Brown shrimp harvest estimates for , 1979 , and 1980, because they were not included in model construction, were determined by the use of an assigned postlarval index value of 0.
Test of the Multilinear Models
To properly verify the predictive capabilities of the two multilinear regression models, it is necessary to have data that were not used in model construction. Since these additional data were not available, the equations were recalculated after excluding the 1981 data set. The 1981 data (Table 3) indices of temperature, salinity, and number of post-effort should also be addressed. The results of the present larvae in the nursery ground areas of Mississippi Sound. When the number of trips were added to the first multilinear model as a measure of commercial effort, the amount of variability explained by the predictor variables increased to 85.4%. Although these models are the result of a preliminary study, they do indicate several areas where further work may improve their predictive capabilities. The examination of factors that influence the number of postlarvae,postlarval growth and survival, and evaluation of parameters that affect the nursery ground areas should help t o refine the predictive capabilities of the models. Studies of currents, movement patterns of juveniles and adults, and influence of fishing investigation indicate that predictive models of -brown shrimp harvest in Mississippi Sound may be a practical management tool.
